Responseto Yellowstone River Peer Review Questions

General Comments

This is a well written report on “Using a computeodel to derive numeric nutrient criteria.”
There are relatively few errors in the draft, whinade reviewing clear. The use of multiple
sources of information, including a computer moae very good idea for establishing nutrient
criteria. The many concepts developed and employéuds effort are innovative, well founded,
and sound. However, | disagree with the conclistbat model conditions warrant more
credibility than other sources of information ahdttmodel results should be used to set nutrient
criteria for the Yellowstone River.

In summary, my short responses to the questions are

1. The data used to run, calibrate, and validaertbhdel were appropriate, but not sufficient.

2. Model calibration and validation were not gobdcause the fit of data to model runs was poor
for a key endpoint variable, benthic algal biomass&l many results were biased.

3. The uncertainty of model predictions was prol@dgmbecause: the model was not validated
well for a key endpoint variable; the model wasduseextrapolate to nutrient conditions outside
the range for which it was calibrated and validated the model did not simulate extreme
values well.

4. pH and algal biomass response endpoints sheulddéd to establish nutrient criteria. The
most sensitive response to a stressor (i.e. ntarierhis case) should be used to establish
stressor criteria, even if different response emdp@re most sensitive in different types of
habitats (in this case shallow and deep river h&)it

5. The appropriate methods were used to gathemiaiion about the development of nutrient
criteria, but the results of the computer modelen@rerstated and overweighted in a premature
decision on nutrient criteria.

1. Please evaluate the sufficiency and appropriateness of the data used to run the model.
The data used to run, calibrate, and validate théainwere appropriate, but not sufficient.

The computer model was designed to measure impgadsponse variables, such as benthic
algal biomass, pH, and DO. These parameters rdsgtrer directly or indirectly to variation in
nutrient concentrations and are used in eitheatiger or numeric water quality criteria in many
states. These variables are highly appropriata ttee perspective that we want to protect uses
of waters. We know enough about nutrients to ktimeveffects of nutrients instream and
downstream. With proper research and synthesissoidts, we should be able to set nutrient
criteria above minimally disturbed conditions witihdhreatening designated uses, such as
drinking water, recreational uses and aesthetiucs sapport of biodiversity. Although we may
not be protecting aquatic biodiversity of taxa thed highly sensitive to moderately increased
nutrient concentrations in a habitat with nutriestt®ve minimally disturbed condition,
presumably those taxa are being protected in dihlgitats in which minimally disturbed
condition is being protected (invoking tiered aguiate uses). With the knowledge that
biodiversity of some nutrient sensitive taxa willtibe protected at nutrient concentrations that



generate algal biomasses greater than 150 mgrfiland pH and DO standard violations,
benthic algal biomass, DO, and pH can be apprapeatipoints for managing nutrients.

The right variables were modeled, measured, anbratdd in the field, but the sample size was
low. Many of the key environmental variables wereasured in the field, but they were
measured at less than 10 locations. This limésptbwer of the comparison, much as a low
sample size limits the statistical power in hypstedesting. Was the fit or the lack of fit of the
model to data due to chance or was it true?

The study should have been designed to have theat&dn and validation datasets at the same
time of year, perhaps sampling during summers 672hd 2008. The differences in
temperature and light (day length and sun angleyden August and September could be
substantial given they are within range that madgamalikeCladophora are especially sensitive.
August and September also have very different @galimulation histories and processes
regulating algal ecology probably differ as a resiuriterannual variation in physical and
chemical conditions in the Yellowstone River aratigeely predictable, because of discharge
regulation by snowpack melting, compared to riverngarts of the country where unpredictable
rain events have great effects on discharge andtiregs physical and chemical conditions (e.g.
light and nutrient concentrations).

Another concern was having sufficient scientifiariolation for model coefficients. Admittedly,
some knowledge is better than none, but assumatgtefficients developed in lakes or other
parts of the country and for different kinds ofadgn one condition or another would apply to
this location seems premature. Many of the pararsetere developed in the 1970s or earlier,
not that old is necessarily bad, but it is an iatian that few new components were available or
were found in the literature for use in the compuatedel. More field and laboratory research is
needed to quantify the parameters being used tepsed based models.

2. Please evaluate model calibration and validation.
Model calibration and validation were not good,dese the fit of data to model runs was poor
for a key endpoint variable, benthic algal biomass&l many results were biased.

Not much change was needed in many model paranieteatibrate the model, but many
parameters for benthic algal growth were substiyt#ferent between the initial estimate and
calibrated value (Tables 9-5, 9-6, and 9-7). Altmasdiscussion followed on the magnitude of
these changes and if they were reasonable.

At least one set of the changes in parameters alatively easy to evaluate and determine if
they were reasonable. The mass ratio of N:P ial @gjls is assumed to be 7:1, and in the
Yellowstone River was often lower because of thatireely low supply of N versus P in the
river. The initial mg N and P per mg algae (suiesise quotas for N and P) for benthic algae
were assumed to be 0.7 and 0.1, respectively (Table
* The real issue is the relatively large change mwadue during calibration and the
unrealistic ratio for parameter values resultirggrirthat calibration. The resulting
calibration values of parameters for subsistenagagufor N and P were 3.20 mg N and
0.13 mg P, respectively. Even though each of tpasgmeters independently fit within



the range of possible values reported in the liteea(remembering that one outlier in the
literature has great effects on this range), thie sems very high for conditions within
the Yellowstone River. The resulting mass ratiswsistence levels of N and P was
3.20:0.13, which is more than 3 times the expe¢tédatio and 6 times the 4:1 ratios
observed in low N habitats like the Yellowstone.

» Although internal N and P half-saturation constamssubstantially different types of
parameters than subsistence quotas, both are atahth algal growth, both were
changed substantially during calibration, and satay both were unusually high.

* The same kinds of problems were noted for the ghgtdton (Table 9-7).

* A confusing issue initial parameter values (e.@.dig N or 0.1 mg P per mg algae)
indicate 70 and 10% of the algae were composedaridP. Most of algal mass is
carbon, not N or P. Presumably the units or myeustdnding of what these parameters
mean were wrong.

Fit of the model, similarity between predicted an$erved conditions, was better for physical
than chemical parameters, and better for chentieal biological parameters. QAPP criteria
were not met for 1 out of 5 of the parameters assbfTable 10-1). The variable with poor fit
based on RMSE and RE was benthic algal bioma$grdiy using the Q2K or AT2K model.
Since benthic algal biomass was a key responseoeridpnd an endpoint for which nutrient
criteria were eventually going to be made, it wapaortant that the model predict benthic algal
biomass well.

As suggested on page 10-21, | agree that the AT@#ehiallows us the ability to gain better
information about spatial relationship of biomasse®ss a river transect,” but | don’'t agree that
AT2K model predictions were sufficiently accurabe the purposes intended for the modeling
effort. High benthic algal biomasses were constiteinder-predicted.

During review of figures, | became concerned tleatiaions between observed conditions and
conditions predicted by the model are more serifthey are biased than if they are randomly
distributed above and below model predictions.sHias would not be captured in the RMSE
and RE statistics for goodness of fit. For examgen though the RE is only 7.3% for TN
calibration and 1.38% for validation (Figure 104¥e model overestimates TN concentrations).
The bias in predictions (residual error) is comnmromany of the nutrient and biological
parameters. In most cases, bias was either hifgiwoalong the river, but in some cases it
systematically switched from high to low, which yoould imagine was the case for the August
2000 phytoplankton validation (Figure 11-9). Sysa¢ic bias along the river is a concern
because habitat conditions change systematicahgahe river.

The model did not capture extreme conditions veslpecially for benthic algae. If there was
little variation, the model tended to fit much leetthan if a parameter varied greatly over the
range of nutrient and habitat conditions in therivFor example, diurnal variation in dissolved
oxygen and discharge were simulated well by theehdmlit pH and benthic algal biomass
which varied much more than DO and discharge wetsimulated well by the model.

The model may not have been able to simulate tjie ddgal biomasses that accumulate in the
river. For example in Figure 10-15, the model mguredicted algal biomass to be greater than
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about 70 mg chl ath However, several observations of higher chlbytipvere observed. In
addition, most of the observed levels of chlorophylere less than 50 mg chl &mand fell

within a confidence envelop that probably had atlwiasf 40 mg chl a M. So it would have

been difficult for the model to be wrong when bentdgal biomass was less than 50 mg chl a
m. When benthic algal biomass was predicted orrebseto be greater than 50 mg chl &m
only 1 of the 10 prediction/observation points werthin the RMSE confidence envelop.
Another issue with this model fit analysis is allse skewness of the distribution of observed and
predicted values, with most points within "L/6f the range of potential values (<50 mg chl’a m
with a range of 0-300 mg chl a%n Basically, it seems the model was not testetiérange of
conditions in which it is intended to be applied.

3. Please comment on uncertainty in the model predictions.

The uncertainty of model predictions was problembécause: the model was not validated well
for a key endpoint variable; the model was usemase predictions for nutrient conditions
outside the range for which the model was calilorated validated; and the model did not
simulate extreme values well. In particular, thahility of the computer model to simulate
extreme values in benthic algal biomass was a conce

The poor prediction of algal biomass and inabiidyeally evaluate model prediction of pH and
other important response variables was discusse¢keab

A basic tenet of modeling, either statistical aghty calibrated computer models, is limiting
extrapolation of results outside the range of ctomials in which the model was developed. This
model was employed outside the range of conditiong/hich it was calibrated. Since the
computer model performed much worse when appli€tkefstember than August conditions, due
to likely seasonal effects, wouldn’t we also expgbetsame issues with performance outside the
range of nutrient concentrations in which the madas$ calibrated?

Process based models (i.e. computer models) aveetizally better than statistical models for
predicting outside the range of original conditiamsvhich they were calibrated. However, the
extent and magnitude of calibration from an initialues used in model is a key issue for using
process based models to predict outside the ranggdibration. Prediction outside the range of
conditions for which either the statistical or pges based model was calibrated requires that we
know enough about the system and the behaviorea$yhtem in the two ranges of conditions
(e.g. August versus September, or low and highienitconcentrations) that we are confident
that the models accurately describe behavior ofyiseem. The less that you have to calibrate a
model to new conditions to get a good fit, the mmefident you can be that the model will
perform well in a new set of conditions. The mfwedamental the processes are that are
simulated in the model and the fewer number of mgpsions made for use of the model, the
more certain you can be that the model will predisponses well in a set of conditions for
which it was not calibrated.

Since there is little evidence that the model didgrm well, either calibrating for key endpoints
or predicting responses during validation, we stidcnalve concerns about accuracy of predictions
by the model for ecological responses in higherient concentrations for which the model was



tested. In addition, many key parameters in thdehwere changed greatly during calibration
from what were initially thought to be appropriateéo based on model performance, we cannot
be certain that it will perform well outside thenge of conditions in which it was calibrated, or
even within that calibration range for some keyapagters.

Many assumptions needed for the model also seemeditice credibility of its results. Some
assumptions were probably met as well in the Yedtowe River as anywhere. For example, the
assumption about the model simulating a steadg stilibrium is certainly more appropriate
for rivers like the Yellowstone with snow-melt damated and relatively predictable
hydroperiods versus many other rivers where staremts have dramatic and unpredictable
effects on hydroperiod.

Violation of model assumptions by the ecosystem alay explain why the model simulated the
ecosystem poorly. Of course assumptions are nage$sit some violations of assumptions or
combinations of violations may accumulate explam wnsatisfactory behavior in the model.
Here are a few examples:

* The assumption that velocity and channel substraaisufficiently well mixed
vertically and laterally” (pg 5-8, lines 3-4) mayptain why the high algal biomasses
were not simulated. If average, versus optimabaigf and substratum were used, that
would underestimate the high algal accrual possibégptimal velocity and substratum
conditions.

* Why assume dynamic equilibrium between particleugpension (drift) and deposition
(settling)(pg. 8-20, lines 24-25)7?

* Why assume the typical meterological year duringrayear period. For example, to
understand the conditions under which problems @vaubke 1 in 10 years, aren’t
regional weather patterns a likely cause of th@eblpms. Rather than running a typical
meteorological year, shouldn’t the 10-year extrebeboundary conditions for a run to
understand the effects of less common conditions?

In addition to violation of the assumptions in thedel, there may be issues with the analytical
foundation of the model to accurately represensgstem processes; but | am not sufficiently
familiar with the model to make that judgment. Egample:

* Were growth patterns and differing spatial resoliroéation (density dependence) for
macroalgae and microalgae or algal taxa include¢dermodel?

» Space limitation in the model, if | understandatrectly, is not the correct
conceptualization of the process that regulatesidedependent growth of benthic algae.
Developing a more realistic characterization ofghe&cesses regulating benthic algal
accumulation and density-dependent depletion afenis within mats would be very
interesting and perhaps improve model predictidéifects of mixing and diffusion vary
greatly between different types of algae that growdiffering nutrient and temperature
ranges, such as macroalg&tafiophora) and microalgae (diatoms).

» Was N-fixation included in the model and the patdrfor N transfer between epiphytic
diatoms with cyanobacterial endosymbiontsGbadophora? It is possible that
Cladophora cells close to the substratum take up nutrientisteamsfer them to younger,
actively growing cells in the ends of the filamesispended in the water column. Only
cells at the tips ofladophora filaments reproduce, so they are younger and feaver



epiphytes than cells at the base of filame@Gtadophora cells that are closer to the
substratum, having more epiphytes, bacteria, atrdiaed detritus as well as slower
currents, have greater potential for uptake of cld/nutrients in the epiphytic
assemblages around them than younger cells indberwolumn.Cladophora does not
have complete cross walls between cells, so fluicklls can theoretically mix between
cells, which would be facilitated by the movememd &#ending of filaments in currents.
Thus, nutrient concentrations in the water colunay ime poor estimators of nutrient
availability toCladophora, as well as other benthic algae, because of mitetrainment
and recycling in the mats.

If many potentially important processes are noliided in the model, they may either

independently or cumulatively have great effectsmmael outcome and prediction of extreme

conditions and risk of problems required for cidetevelopment.

Another reason for questioning model predictiong@dde the high nitrogen and phosphorus
concentrations that are predicted to generate megshlooms of benthic algagd0ug TN L and
90ug TP L'in Unit 3 to prevent pH violations and 1,000 TN L and 140ug TP L'in Unit 4 to prevent
nuisance benthic algal problemalthough we know relatively little about nutrieconcentrations
affecting pH in river, these phosphorus concerdretiare many times higher than phosphorus
concentrations thought to cause nuisance levdigmthic algal biomass, e.g. greater than 150
mg chl a iif. Admittedly, there’s a great range limiting amdusating nutrient concentrations in
the literature, but a 30g TP/L benchmark was proposed in the Clark Forkclvis upstream

from this location. Why have higher numbers inldrger mainstem of the Yellowstone River?
If we assume Leibig’s law of the minimum, and nieo and light are sufficiently great to allow
algae to grow, why wouldn’t the marginal habitatshe Yellowstone River generate nuisance
algal biomasses at 3@ TP/L? At least one reason could explain thatrdgancy. The reactive
portion of the TP may be lower in the Yellowstongd® than in smaller streams where nuisance
blooms of benthic algae commonly occur at TP commagans around 3Qdg TP/L. The soluble
fractions of total nutrient concentrations, assutioelde the most readily available fractions, were
very low in the Yellowstone River during low flovorditions (Table 6-6). However, caution
should be exercised when assuming only the sofuddéion of TP is bioavailable; mounting
evidence indicates that entrained particulate PNaack recycled in benthic algal mats.

The model prediction that low DO is not likely imet Yellowstone River seems reasonable. The
Yellowstone River is relatively hydrologically stabso it is probably not prone to types of
extreme low flow events that allow developmentayi DO with resulting fish kills. Rivers and
streams are probably much more susceptible togtiyand fluctuating pH conditions than to

low DO; but both phenomena have not been studifftismtly to understand thoroughly.



4. Please comment on the appropriateness of using response variables, such as chl-a and
pH, as model endpointsfor numeric criteria derivation, and thus protection of water
quality from nutrient pollution. Please comment on the spatial application of different
response variablesfor deriving numeric nutrient criteria (pH was used for the upstream
segment while benthic algal biomass was used in the downstream segment).

pH and algal biomass response are appropriate endgor justification of nutrient criteria. pH

is more directly linked to negative effects on aguiauna than nutrient concentrations, so pH is
a more proximate threat to a valued ecologicaibatte. High algal biomass is known be an
aesthetic problem in rivers, as established irgtieat study by Suplee et al. As described above,
nutrient criteria above minimally disturbed conalits that prevent nuisance algal accumulations
and violation of pH and DO standards may not ptdieadiversity of some nutrient-sensitive
taxa; however chl a and pH, as well as DO, are@pate endpoints for protecting designated
uses.

The most sensitive response (e.g. chl a, pH, ortd@)stressor (i.e. nutrients in this case)
should be used to establish stressor criteria, gwbfierent response endpoints are the most
sensitive in different types of habitats (in thise shallow and deep river habitats). An
important goal of environmental management shoal@rotection of ecosystem services. Of
course all ecosystem services should not have podiected in all waters, but appropriate
protection is warranted. Montana DEQ and presuynalphajority of the people of Montana
have supported water quality criteria related togpid benthic algae. So nutrient concentrations
should not be allowed that would generate unacbéptéek of violating the pH and nuisance
algal biomass criteria.

The focus on shoreline algal biomass was also gppte because that is where people most
commonly observe the water as they use the resfmrcecreational purposes.

5. What other analytical methods would you suggest for deriving numeric nutrient criteria
for the mainstem Y ellowstone River ?

The appropriate methods were used to gather intowmmabout the development of nutrient
criteria, but the results of the computer modelen@rerstated and overweighted in a premature
decision on nutrient criteria.

Processed based (computer) models are very infoneratd valuable, but they are just one line
of information. Three basic research approache$eaised to develop numeric nutrient
criteria: observing patterns in nature and quamiifyelationships between nutrients and key
endpoint variables with by statistical models (eegression models); simulating patterns in
nature using process-based models; and experinmecdsitrolled environments in which
environmental conditions are purposefully manipedat Each of these methods complement
each other. When they all do not agree, then osiaris are suspect. In this case, the
predictions of the computer model do not matchltesd other research based on statistical
models and experiments. Even though there arsiplaueasons for those discrepancies, there
is little reason that the computer model is aceurat



Despite that lack of fit between computer modetmtons and measured conditions in the
river, during both calibration and validation, t@mputer model was used. In a simple
comparison of accuracy of the computer model ptiedis of high algal biomass as a result of
higher nutrient concentrations (Figure 10-5) aredrdgression model characterizations between
algal biomass and either TN or TP (Figure 15-29wsthe regression model warranted more
credibility. For the computer model, there wag&lationship between algal biomass predicted
and the algal biomass observed at stations (FiQ#®). Plotting these abundances in Figure 10-
5 on a log-log scale may have improved the appditebut lack of fit at higher biomasses is
likely. Remember the discussion above about ldclata points above 50 mg chl &rand poor
range of observed conditions. For the regressiodeats, the results were variable but plausible
(Figure 15-2). If N:P ratios are low and N limalgal growth, then we’d expect a relationship
between algal biomass and TN and not between higalass and TP concentration. The range
of TP concentrations (and bioavailable P indicdtgthose concentrations) may have been
above the TP concentration considered to havegttiacts on benthic algal growth (e.g.89
TP/L). The range of TN concentrations may havesgdshe sensitive range and below the
limiting nutrient concentration for TN; therefor&Tmay have been the primary limiting nutrient
in the Yellowstone River. Thus, the Montana DEQ go¢lationship between TN concentrations
and benthic algal biomass, but not TP concentrat#m benthic algal biomass. | disagree with
the interpretation by Montana DEQ about theseimlahips. These relationships do show that
TN concentrations below 5Q& TN/L should constrain average algal biomassge tean 150

mg chl a rif, but the lack of significance in the TP algal bass relationship indicates it should
not be used to set a TP criterion. This relatiom&i@tween TN and algal biomass is really the
only evidence in the report for nutrient regulatadrbenthic algal biomass.

If benthic algal biomass is not simulated accuyabgithe computer model, can we trust
predictions of pH and DO that respond to changedgal biomass? pH and DO predictions of
the computer model were also not validated welbhee of low sample sizes and ranges of
conditions in which the model was calibrated.

Another question develops about whether TP conagotis need to be kept below a TP criterion
that would constrain algal biomass, if TN concetidres are below that 505g/L; but that

guestion is a policy deeper policy question. If iENept below 50g/L, then presumably there
would not be a response of benthic algae to TPi# thde primary limiting nutrient. However,

the 505 TN and 30-60 TP range seem close to wivatlld expect to be saturating nutrient
concentrations. So, a combination of TN and T&ga would provide double protection
against risk of high algal biomass.

Good calibration of models, computer or regressstiould not be expected in a river without a
good range of nutrient that result in algal proldeahsome place across the range of nutrient
conditions. In habitats in which no algal probleans observed, it is possible that sediments and
low light constrain algal accumulation such thatriemts have no effect on instream algal-
related conditions. In this case, downstream &ffslsould be the concern/endpoints of criteria.
Alternatively, it is possible that most that we lsnabout the asymptotic relationship between
nutrient concentrations and algal biomass is nat; tor for some other reason, TP concentrations
above 50-10@wg TP/L do regulate benthic algal biomass. Therhtgk nutrient concentrations

as those propose@dd0ug TN L and 90ug TP L'in Unit 3 to prevent pH violations and 1,00 TN L



and 140ug TP L'in Unit 4 to prevent nuisance benthic algal protslewould be appropriate in the
Yellowstone River.

Continued research in the form of monitoring of Wedlowstone River, surveys of other large
rivers, experimental research, and computer mogl@lift be needed to develop nutrient criteria
that protect ecosystem services of large rivereaut overprotection. Continued monitoring in
the Yellowstone River will enable assessment oftiwyenutrient concentrations are increasing
and nuisance algal biomasses and high pH are bagamore frequent. This will forewarn
managers that nutrient related problems are dewve@nd will provide the additional
information needed for better computer and regoessiodels used to establish nutrient criteria.
In the report, Montana DEQ did propose continueditoong and data analysis with one goal
being learning more about nutrient effects in ikerrfor potential revision of the proposed
nutrient criteria. But will reducing the nutrietriteria, based on new science, be practical
politically. Why will the public believe the newignce if the old science was not sufficient?
Why hurry to have nutrient criteria if there arekmown problems? Was this the wrong place to
try to develop nutrient criteria for large rivers?

A concerted national effort should be developedmathtained to gather the kind of information
needed for developing nutrient criteria in largeers. Monitoring data as well as experimental
results should be gathered and evaluated witrsstati models and integrated in processed
based models to provide sufficient informationderelopment of nutrient criteria in large
rivers. Great similarities exist among the langens of the world, such that information learned
in multiple rivers should be able to be synthesiaed related to other large rivers. Until this
information is gathered and analyzed, perhaps & prudent nutrient management strategy is
to try to maintain current conditions if there aeexisting problems.

A couple editorial changesworthy of note:

Figure 9-1 makes much more sense to me if Tablev8rg& changed to Table 9-1.
Figures 13-4 and 15-2 were hard to understand Bedae independent variable (nutrient
concentration) was not on the X axis.



